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(54) MAGNETO-RESISTANCE EFFECT TYPE HEAD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To suppress degradation of 
characteristic of MR (magneto-resistance effect) film or 
lowering of the yield incident to lead formation in a 
yoke type MR head, and also to control Barkhousen noise 
due to magnetic yoke. 

SOLUTION: An MR film 27 is arranged in a position 
receded by a prescribed distance from a face S 
oppositely facing a medium, along a plane nearly 
parallel to the substrate face of a magnetic yoke 23 
that consists of a pair of magnetic body layers 24 
disposed to face oppositely through a magnetic gap 25. 
The MR film 27 is magnetically connected to the magnetic 
yoke 23 at least at both ends. A pair of leads 28 for 
supplying a sense current to the MR film 27 is provided 
with a magnetic lead part 29 constituted of magnetic 
body layers 24 that are common to the magnetic yoke 23 
and with a low resistance lead part 30. In addition, the 
magnetic yoke and the MR film are impressed by a bias 
magnetic field at least at the time of a head operation. 
The bias magnetic field is due to a current magnetic 
field for example. Otherwise, the magnetic yoke is 
heat-treated while impressing the current magnetic 



field, with a different magnetic anisotropy imparted to 
depending on a part. 
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TJi, |^®«£fg^a;WA^e)?&SiSE^¥-v^v:/3 4$:M 
V^Tfe»J, «E^a-^^2 3tt^^-V^y:/3 4$:/rLT 
mm$:?^bTV^S, t^oT, U - K2 8;?)>e>^$ 

nfcmttas^3-^^2 3tc:ijmbTgf&nso -r^t) 
R^2 7tcov>T=foii^"e^s, mffi^:&fRiii. ^ 

^H-i7 2 3 tC<fcS«l^tCMbTl^iC:^r^il^5o 
^3-^^2 3feJ:tKMRm2 7(Cti, HSfS^tC J: *J 

/wr;^®t5l^ (^^wr;^) 

[0 0 5 8] 2 3{cmgf£*^$^^TV^?S;V^ 

#^tcii. 05Alc^i-<fce){c ^3-^2 3cO^E 
^i«^$:^bTV^S„ fiSl^3-i^2 3tC@glS$:#^LT 
@glSfi^{CJ:SA-fTXlSt^$:ranl-Si;, 05 BC^ 
-r<fce»C, ®E^a-i5'2 3«fefe<i:-^^|S^^i:?5: 

<o;?r^ti, ffi^^a-'S^ 2 3 cois^tC3^LTB^^ic:^fRi 

[0 0 5 9] Z<D^^m<D^~'^mMR^y KT'ti, 
fB^S^;b^e»M■^®t^^a-^5^ 2 3 p^gtcgEL^f S i: 
^, ^3-i^ 2 3(^)fiatEmitC<fcoTm[Hl®^- K 

tc. /V\/'!7/\0'^yj>(X^mi^^Zti)^X'^^. 4f 
tc. ^a-i5^ 2 3 omtc $:®^(c^UTi^^[i::^ 

R^^yK^CfeV^T. ffi^3-i5^2 3<Z>?^, MRM2 7 
ODKSfeS, ®«^^^c®2 4i:MR^2 7i:<7>{^reg§^ 

[0 0 6 0] 06ljLtial^S©^^CD^McO«lfia$:^1- 
STfeSo [^0tC^1-3-^?^R^^y KtCfeV\T, ^ 
^H-i^ 2 3 ^m^'r^-M0mmM2 4 i:MRM2 



15 

■^^■rsCl^A^T'^So f?5c*5^, ^B-{7 23^0n 
[0 0 6 1] 04^<J:U^6tC^Ufca-i5^^R'\^y 

wmm^ i\z^ii\^xwmrmrz.iLK^^x. iso 
[0062] iMi^tcmm^&mm^m^i ^hx 

\t. mtiCu, Al. Au. Ag, Zr, Hf, T 
a, Ti. C^^S:^^.^-5:li:;^)^T*$'5o ^fe. z:0<fc 

gST'#^^^3 6fc-h4>;5;®jiaK#$:m&irr5»ri:A^ 

[0 0 6 3] $e,{C, 08tC^i-<fce»fC, #^«i^fg^ 

3 7 $:3tsa^ 3 6 (D^^mmzwmjxjim^ 

3ii*^^l®^3 9 ^a-i^2 3i:bT^(r%Tt,i: 
Vx, 3<Z)J:e>^S4t>ji^&^SS^3 9^CJ3V\■t^i, @5f£ 
$:^t^I$'^'5.^,^CoV^T^i07^C^b/^:|a®^3 8 tfl 

=^T'fe-5A^ immsmM^m3i^^^tshx.x'm. 

mz.nhxmt\^^mc.-t^z.}ii:i^tA\\ i^-dx. m 
- ^ 2 3 t>^^mm^<Dm^^mi.x l ^ e> fc^n^t)^ 

[0 0 6 4] 04feJ:tf06T'tiMR]^2 7AVt 

^y^:¥-V*y>^2 6_h^Ci^e$tlTV^So MR]K2 7li, 

4^ifn^xvy^\cm^Lr=.m^2 4 

^a-^ 2 3^CD^>S^$:0f^-t^>wi:;&^T'^e01 
0 {C5^-r^5tA^f tC^t^T'feS. 
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[0 0 6 5] mi lli. 01-^02tC^bfca— J^MM 

[0 0 6 6] ±MLtcm2<DUR^y 
10 3t^;(7)T'&^o $^tC, mJi^ltC^Lfea-i^^ 

R^^vKCfeVNT. mmim^i)^^^j:^^^^y 
:/2 5tCf^AT, S4lC^bfc#^®S(gSJn;^*^e>?5: 
-5«E^¥Y^y^3 4S:^b^c»J, feSV^ti^^®^t^^|iSii 
W^f}^^t£^^^^V':f2 5±tC. 01 IC^bfe^ 

saH^{g^*i;^*^e>j5:5mgf^^;^.4 0 S:?^'r5:ii:*^ 

T'^So Cltie>(^«gTli. ?K^a-^r2 3C^$:4)' 

t>^jimt<oB-^mAR^y\^\z^ti\^ 

[0 0 6 7] ±MLr:L^^fmi^<DB-^mAR^v F 
tCfeVNTli, 01 2tC3^-rJ:e>(C, Sa^a-^7 2 3^^ 

xm^v-m2 2tf^^^&m^m^^. miom 
m^m2 4 a t^0±\zm^vr^i&mi(m2(Dm^ 
m2 4htxmm.t^z.timti^^\ zmz^^x. 

fjis. fj^is. mi<rmm^m2 4 ats^x:fm2(omm 
m2 4h<DM.Ws^j^^\tm^Lr=M*jx:&^o -tjaL 
30 zmmmwkommm^zj^^x. 07tc^Ly^::«t^ 

[0 0 6 8] $^tc, uRm2ia>^:^\^^mm\^ 

mmr£W^^mm^^:r:t.i^x^^o MAli, 03 tc^ 

fj:^mi^^y':f2 5Ki^XX^m^E^sm(Mnt>^^rj^ 
-5a^^^^y:/3 4$:iBfibfcU, 
*m;&^^J5:Sa£^^^^v:^2 5±tC01 ltc^L^#^ 
40 f£{g^t^m*^e>3fc5@S^tX4 0$:?^fig-r5>ri:A^T' 

[0 0 6 9] mm&mmf)^^^jt^^^^'y':^2b 
;&fliv^s^^c^t. si 3tc^-ri:e>tc, {g^u-K 
mzo^miommm^ ii)^b^^^^:/:^2 5. 3 
3 i&^gATH 2 am^m 3 2 ±tcsMt-s ,fc ^ tc?^^ 

3 0S:^1(Z)«^M3 lfc<i:0P^2CD®^^3 2® 

- K^3 0 (i^^ffi^Slf^WJf/)^^'^:^^?®^:^^ ^y 
50 :/2 5±0Dmi(^^>(.OlSfg$:^^ai-&o tSgoT, Sfit^D 
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[0 0 7 0] ±j&Lr:L^&^mm.<DB-^m^R^v f 
[0 0 7 1] (1) ^B-^^^^v-mm^fz^t^^is 

[0 0 7 2] (2) ^H~i7{zm^%:mL^Jiti^bmii 

m (r--;i/) u mraa^cj; ^j^i^^i^t:ft¥-t 20 
[0 0 7 3] ±3^ufe®£^c^Sofif#:&^e>'^, 

[0 0 7 4] zn^Mi^x. {2)<D:m\tmm^ic^ 

[0 0 7 5] ttj:t>^. ^B-^om^^J^CX. ^ 

[0 0 7 6] ^mm&tmi^t^mm^^-^r=mM. 
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[0 0 7 7] ^H-4^tcmti 0.1- 

100m^ScomSS5:$fEL;&A^^, ^3-^5^C0^£^C^ 
< ?ami:co?§Stc-3£^HS^'r -5 i: icfc *j 

f^^-re*, feSV^^i, ^H-'^\zmX.\t ImA-lA^ 

<r)jvv::f.wm^mtt^zt\zj:^x^. m^m^n^ 

[0 0 7 8] SlSli, ±j^UfemSf5^$:m&nL^A^ 
e>?Ki«i^ (^JSKI^^cf'T--;!/) L^cffi£^H-iJ?2 3$: 

e)^'5fig^¥v^y^2 5 $:/rbT'J >^tC?^fiS;$4l^ 

s$s^^:®2 4 ojy^mLnr) *^e)?5cSo :icdu> 

i^CD^a^®2 4±{Cj^RK2 7A^$tl-£,, 75; 

[0 0 7 9] 01 5C3^cfe<fce»tc, mmmmii^ 

^^V^2 5(^p^tC@gmAP4 1 ^^f£Sf£ffiP4 2 

S:©(tTfe<c rne>*^e)?s^3-i5^2 3cmgffs (stt^ 

^5:^3-^^ 2 3 {cm&nbJfc*^e>l^iCT$:fiii-- 
^^^^V>^2 503a^tC|g:ttfe@§f£$fLAP4 
$4xfcmSSEli, ?a^3-^2 3(r>ffi^i:[^-j!^$: 

feifoT«i£asmp4 2tcs&ns, romsfsEfc^ur 
3{c?3a£^cM;^s$:#^-r5o z:ntc<fcoT, sa^a-^^ 

2 3^i:L/Tffi^i:«tft:^^Fi:;b^BSii3S-rs^ 

;5:SSa^3-^^ 2 3*^6^5. 

[0 0 8 0] X<D<kei^ffi£^3-^^2 3S::frS3-i' 
^R/\^V K^CfeV^Tti, ^3-^2 3^i:LTS8l 

mm^j-{X(n^-^d^mzm\'t^:L)Lt^x^. ^ 

[0 0 8 1] ^^®&i4{g^i*m;«)^^?&slSE^=3E^^ 
3 4 ^mm^^%^\Z.\t^ m^\m 1 6 tC^^ J: ^ 
(C, ^a-^^ 2 3<7)^^{&®tcmgf£Sf£AP4 1 }lW^ 
ggffiP4 2$:^t-tTfe<„ Ztie)^^blK^a-i5r2 3^ 
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fe<xi:CioT. 01 6i:f^:8l?S:®E^C^S$:f^f^•t 
[0 0 8 2] 01 6feJ:tMl 7{C^-ra^3 

^H-^^ 2 3 \zmst^m^^im^^:iti3'^x'n^. 

r(JDfc*b, ^a-iJr2 3<^Efg^i:lgS^^i5iiI^ 

CO 0 8 3] wmmi^z^ ^jm^m^^^mm^^m 

'^a-^ 2 3 tm-rS^f^® 2 4 ti0 1 5 c 

Jf. 01 8tC^t-<fce»{C, 2gai:09t«£fM3 8a, 
3 6 bomsm^ 3 

[0 0 8 4] ®SS^t^^Sa^i:c^)|lt®M 20 

li, miMC^j^0fi^KMVXm^&X:^^. 019^2 

-&fell®K3 8$:^LTV^S. rc^cfce>?5:ietM^3 8tC 
ffiEJ^SrSa^H-^^ 2 3{c^tcrairf 5>z:i:A^T'^So 

[0 0 8 5] 02OtC^-rie>tC, ^Safeffi®3 6i:#^ 
14® 3 7 i:$:3:aiC#Sm^Lfelft®lE4 4 S:, ^3 
-^^2 3ilLT^^5>ri:t*BriBT*feSo X®^tC 30 

\t. ^<mmm3 7izMvxmm\zm^^m^'t 
^z.tK^'DX. mc(mwm3 6<D^ti^n\zm 

3 7{zMi^xm^itzw^%:m^^z},t. w^^m- 
^m^3 7<D^^$mmmmmx*m^-r^. 
^m^^A^^^mmitm^^^mmx-m^'t^. ^ 
m4 4<DmMmtn\z^^n^^<DX'\tfj^\\ 02 1 
tc3^-t<fce)tc. (mmm3 G/^m^3 7) n 

m^3 6{n^l)m^<DmMm4 4 -5ri:;^>^T' 
^-5, 40 

[0 0 8 6] 02 2tC3^-tJ:-^)tC. 2oCD®«^3 6 
mzm^^mm4 5 S::n'^E$-&fcSi®^4 BT'^oT 
%)J:v^ #^Ba&WSi^4 7i:LTti, AI2 O3 , Si 
Ox, A IN. SiNx, BN^^m^^^Ztti^X^ 
So c:c7)m^m4 etCcfctlll. ^^^tl^tCit^T^ 
H-i; 2 3/\cDma^TOiFt^$:^#'tsri:*^T' 

^^mm^4mmx^^z.ii^zx*). ±r(D^ 
mEMsem^zmm^^t^jifi^o. -^cfs^m^ 

Sti^-r fe^U 01 9{C^Lycll®l^3 8^ 
02OS<fctJf02 ltC^Uy^ia®^4 4ti. mSSmtC 50 
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^^jm^ury^^m^B-'^ 2 3\zmit^m^iz^ 

So 

[0 0 8 7] fiStCa-f5^2 3tt, $e>tC^ffi^tC^ 
LT'>^<i:% loODS^SSfM^riSgb^clg®^^^ 

i^t^^mMt<mmm\z^^)m^t^ztti^x^ 

^?a^(n^l)«|gt<^>^^<i:=fe) ioco5S^f4®tc^o 

T^fia^$:i3etfe=t»oA^M^$nso 
[0 0 8 8] z.<oj:^iz. mmmizm^Lx^m^ 
m^m-ftcm^. ^^^iz^^)^m^\zmi^tir:L 

ti, j^mEMiy^^o^m^mz^'^x. j:^mm\z 

y \^<DmjmM<oi^mtmzMiyxmzmi^x$>^o bl 

^W&m\Z\X. FeMn, I rMn, NiMn, RhM 
n, PtMn, PdMn, CrMn. IrCrMn, P 
dPtMn, CrMnPt SfeliXtl^CD^, feSV\ 

[0 0 8 9] ^mEM^istmmmymmt^imt. 
\.x\iu m2 3\zwrt^'^\zmm^&smm^m3i^ 

(mmEM3 6tC8^$itT;S^®^4 7$:||®bfc 
ia^K4 8^. 02 4tCf^i-J:e>tC 2OC0^SgEi4M3 6 

tc-e4x^ti^®^4 7 ^^^^tcmmm^ 9^*^ 
ptf^nso $btc. 02 5tc^i-<fceitc, B^mEM 

4 7S:f^{|!ltCHeSb^:iet®]iE5 0T'feoT=b<fcV^ 
<ke)?&0t®m5OtC<fc4xti, #^«MS®3 6tC3S^:^ 

So 

[0 0 9 0] Emmm^^tmmm\^ 02 ec^i- 
j:e>tc, mmm3Gt^^m3i}:,^^\z^msz 
mm\^. z,<D'^'b<mm<D^mm3 Q\z^n^tm 

m^^XEMWrn^ 7 SrHt^UfeH^^S 1 T^oT 
%J:V\ #mil®«l5§C0ia®mii, 02 7tC^f<fce) 
tC, jS^SaMS®4 7$:(^Cie®bAc|IM^5 1T'feo 

[0 0 9 1] ±j^\.tcE[3^mm-k^tMmm\zis\>^ 
X. ^mm3i\ummm^m\zmh'f. 02 

sfe*t)CD<g^in;^^$:^ma>ifi^tc^-rSo msfg 

^S:^$^S;^«b0^^tcov%Tli^-r So 
[0 0 9 2] 02 4tC^bfe|l®]K4 9^C^^r^T^±, 
Wm3 l<Dm^%:m^\t 5ninJea:i:bT^SaftM3 
6 f^<DMf^^$:/h$ < b, ^^SM 3 6 m<Dm^^ 

^^ii\yxmmir^z.iiimt.h^\ ZLO^^r^^m^ 
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[0 0 9 3] 02 3tc^bfest®m4 8^®2 6c^L mE^2 4.\t^wmKm^-r. m^xh<D^ 
K^^'^^zt\z^'ox. :^mm3G\z--m^ 10 m^ix^^^f:!^. ^mi^Mz 4\tmm^^isti^<7>x^ 

[0 0 9 4] ^®H4®3 6i:^SgH4M4 7hC0^^ltg [0 0 9 9] m8OT£l?^^0#^ffitf5^M 5 4 $:SrM 

n-ir 2 3<Dmt\tm^^X^mz\smLfji<^J^^. i'^:itiMmttj^^o 02 Stc^a^bi'cH-^^R^ 

mz. wmm 3 e ii^s^^g^ 4 7 i:cD3mf9s:f^^ Kr-ii, m^\m 2 9 tc^t- <fc ms^^^^^im 5 

AW^-st, ^ssHi® 3 6 t.smmM4: 1 ^<D^ 4<D^^{m^zwmt\vj4 1 t.^mmt:i4 2 ^m^^ 

mKi^m^mvx. ^^a^3 6\z-^^iz-mm^ x^<z,t\z^^). mietmrn^jm^i^i^^^/iii^ 

ii^j4¥-t^z.iiii^X^rj^^\ ^^mmi^m<^:k^^ 20 M2 4C##f^ri:A^T*^So 

It. ^SS^3 6^R^Sa^4 7CD]^$:^Lfc [0 10 0] @gfE®£#^^0#®;fiife^ 5 4 SrgrM 

*J, lm^c^Fa«lfl:*VJ^$v^ o.i~ 3niD@g©»v>M$: ^t-ts#^0^»i, 03Otc^l-i:e){c, 4m^^mi 

[0 0 9 5] ^TSmM4ia:>m^\t. ±j^bfc<f:-i>?& ®H4^fe^5 4*T#r;fe«^T*feoTt><fcV^ -OJ: 

2^ommmo>imf)^i^m:^mit^. mm ^tjimt^ziB^^x\t. m^^ms i\zm't^':>^zmm 

M 3 6 <Dm^ W SOOnfl^OD^m^b^ ^M^mi^ 5 4 (DM^^gtC-^SSfSAP 4 1 iimSSmP 4 

-So ^Sa^ 3 6 <Z);?$ mO~ 250m<Dm^X$>^ Zt 2 $:^ttT 33 < tmz. ^^-^ *V 2 5 i54>{C@g^&/^ 

;i)^J:»;^tl/V\ #Pffia£®3 7, 4 5co^$li 0.5- 1 ;^4 0 $:iS(-tTfe<- ^inciU, mm^M24\zML 

ooxjsmm.<oimii)^^m:smi't^. #^^^37, 45 xms-^zm^i^^^i^^-t^ztti^x^^o 

CDiSSli l'-'10nmCD«gS•e&-5r^:A^<fc^J^f*tV^. ^ 30 ti, 03 2{C:^-r<fce»tC, ^^-V 2 5 COMig^tcm 

mjimM^^tmmm(Dm^\t. m^^jm^^-^ 2 smAD4 ii:mmp4 2ti2ttTfc<cii:(cj:o 

30Di?$;!)^fB^ih^^y^^<ii:y^<'fe'S<fce>{C^$ti T^, mc^S 2 4 {ZB^^^Z^m^^^^fi^-t ^ Z t: 

5>o :^{!W?&M$tilO-2000niipl^T'fe5>Z:i:*W^L A^T*$^>o 

V^„ b<li 100— SOOnm^T'feSo USSR'S: [0 10 1] ^3-^^ 2 3 tCM^S^bS^ti, 

^a-^2 3<D^$i:ii, i^miz^mEM4'7^m \zmimoymi^-i7 2 3^^ptjt<t^f^^i.x^s^. 

[0 0 9 6] m2 8{t^^m<m3aymmm^y mm\tMRm'Pv-]^<m^mzmmLx^ 
\^om(Dm^Wi^Box^^^. mm\z^-tB~^m^ z<d^ ^moy^^~^2 3\,t'en'eri^w: 

Rcfev^T, ^H-^^ 2 3 ^m^^m^ mzi^i.xm^u mmo^^^-^ 2 sc-igu 
2 4{z\tmmm^s^i;rLx4m^i^mm^4imM 40 xwmi^m^xn^^'^^zi.xiB<z.timth^\ ^ 

l^$nTV%So #^®H4ifeM^5 4tdU [0 10 2] m^\t. mi 5, 01 6^j:a^l 7tC7r: 

^ii:^r=.ify<Dwmmmx^*j. mt^Au, m, c Lr=,m^m2 4\z■is^^x. ©33. 034^^1^03 

u^^^^Xi^i-S^i:;S)W^ Lv^o 5ic^-t<J:ettc, ioco^^mSfSS?^ffiP4 2i:te<^ 

[0097] r ®®^S®El^^^t55#®tS^^ 5 4 (D ^mifSSft^P 4 1 il §:m^[IIS^tC[i[^JtC3^$-&T 

l'--mOiism&t.^^Zt.im^V^\ 4¥^S^ ^<o 02 9, 03 lfcj:l5®3 2U:^Ufc^lSSgS#5§ 

Jl®5 4C0iP$*MnIIl5^^^l^elie^^Cfe*^Jm^^, ^CO#^®feS^j||® 5 4 (^)^%;|MlT'feSo ^(©.fce) 

#Mga^f4^JI^5 4 6DjP$;6n000iiin5:®A [0 10 3] B-^m^R^y \^it. ©i^3-^7 2 3IC 

-Si:, @gs^M*^<^'2>^«?)tc^i4**^^2 4icsDt5e 50 m$m^mvr=.mz. MRm2 7fe<fctf-€-ntc-fev;^m 
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m^m^i-^-McD U - K 2 8 ^m^h. $ ^ F 

[0 10 4] jiji^Ltc^w^m^^maL^j^ti^^imML 

[0105] l^gSMl 

^■r, OTtC^5:^-r^l-4C0a-^MMR^^y 

MRMtCtiCo Fe/Cu/Co Fe/I rMn^^i^ 
[0 10 6] [^1] : 01 5K:^U^®£^3-i^2 

^^-7v':f2 5) «^M2 4tcr^;i/7T;^c 20 

oZrNb ierCoZrNb) m^t.N iFe-^^ 
O3 $:^V^Tfra^LAc. ?g^3-^2 3i:MRK2 7i: 

[0107] [^2] :fml^CfeV^T, ffi^MC 
NiFe/Cu/NiFeia^]^$:^V>^J^Wti> ^ 
1 i:f^:^:fefil3t<^>3-^5^^R'\*y F$:fmb;^o 

[0108] [^3] i^iizis^^x. wmmiz 

a-CoZ rNb/N i F e/C u/a-C o Z r N b/N 30 
i Fe|ft^^S:^v^SJ^W1^^i. ^li:[^^?5;^cZ)a 

[0 10 9] [^4] :02 8tC^byc3-^^R 
^^vK$:, ?S^^2 4tCNi Fe/'Al2 O3 /N i 

i^M53tcAi2 03 , mm^m^^icAu. A 
1, cu. Agm^mmim. mmmmmms 5iz 

Co-Al-0^^^^-n^-MS:^V^Tf^L/fc. 
fe, 5 4 tCMt-^mS£#^t±0 3 2 tC^ 0 

fe^tC<fc»;^Lfco 40 

[0 110] Dl&jpi^] 

(1) ^aSTH tCfcV^T, MR/\^y FtcmgSii^PA^^)^ 

«t(C, a5(z(c^fctlSJ®i:WT?&^^ (Y:&rSl/MR^2 7C0 
[0 111] (2) laSTH tC^V%t, MR^^y KtC®iS 
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mnu zoy^x-^mm^i^r^.^^ ^^^^ 

[0 112] (3) mMTn tCfeV^T, MR^y K{C^{$: 

[0 113] fji^B. ±faLfc|^«l®S^CfeV\T, ^ 
Th li®^3-^5'2 3£0«a£^(^<fcS)^<^^*fe5>, 

R^2 7<7)m^f£co*^S:SfI^-rsri:*^tg^?^ 
[0 114] ±3zEUfel»j!M5:j6£b^^{C, mgg«tA 

OTtc^t^5(Da-^^^R'\*y KSrfMb 

[0 115] [^5] : ^I'^ffiitCHl 5tC^bfc 
U>i5^0^3-^^S:?^bfe, «^a-^^CO^W«J 
?5:=^(i, 02 3tC^bfeS^S8^/^g»t4^/#^ 
bfeo ^^afSStCliN i 80 F e 20 
-^^feJirXN i80F e20/a-C o Z r N bSt®]^$:^ 

ti^nMv^)^o $m^\z\tcu^m^^r:L. 
y^m^Ltd^. ^n-^oy^TommEm^z-m^ 

efcfibtc, «a^a-^^tciomAa)^$:i?g 

U 723KT10451RI^Uy^, WmmzX^)^^MJ5^ 
Sr^^um ffiiS$:ih«?)T^L;t. ^a-^ti0 
3 5tC^Ufe<ke>tC MStM$:i[^JlCg^bT?^^b 
CKD^. ^a-^^±tc::^tf>>'Vi/:/]^$:^u 
GMR^^KSDlS^'^^t-vSrj^^bfe. 

^$:fTora-^^^R^^y K$:#fc, ^^^fifjfc'v^y K 

wk\mQ\z^\^tdm^^i.. wmmmmm^ 

[0 116] ^l-'SCD^a-^^^R'V^y K^COV^ 

5^5^$:^ uc^-r, ^4^cov^T^t, ^a-i; 

2 3 i:MR^2 7 i:0fg0JM^fe^H4^$:]^^^5iffi^ 
\zi^XXs Fi!ff^tCir>>!.@S£co-as$:^a- 

^?2 3^c^$^tyc^^cov^T%, 

[0 117] V^T^^C^^^CfcV^TtJ. 
t^mTl^Ja^^rSSbfel^Jc^a-^'^R'N^y K 
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[0 118] «klC, ^l~5CDMR/\*y Kc^^H- 

1' -5' ic^ur, ^i-siii^ic^a) - 

(3) <Z)|^J(ffl^5SUA-o l^^M^l' ~5' tcfe 10 

^a-^^±cOA'-Cc^ 3j?|fi:Ufe« /^:$r->^$:lO~ 
[0 119] ^KDiimmimmi^-^^zMm't 

[0 12 0] Ri:(^IISbS)^e>, ®SJ£fiSI^$:m&nUoo^l^ 

^CT$:ffofe^a).(2) icssv^rti, ^B-^izm 

[0 12 1] ^Z,X\ OTtC^$:^tW46-l 3tC 

fe. ^1 1, 1 zo^^^^m^z-^y^^^^"^^ 

U-Ka)^$:?^Lfeo ;b-«&^lli^JC<fc«»A'- 
CCD 3;^.^cfev^T. '>?&<i:% 2.^&T'fia^i:W5c:^ 40 
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[0 123] C^73 :^la)^^-^^^CfcV^ 
T, M^SfCa-CoZrNb/NlFe/Cu/Ni 

[0 124] C^B] :^1^^^®E^3-^^C^V^ 
T, ffi^StCNiFe/Al2 

[0 12 5] Cim9] :^10^a-^J^tCfcVN 
T, ®£f£«;StCa-CoZrNb/Ni Fe/Al2 O3 
/a^CoZrNb/Ni Feat®m$:^V^SJe/l^^i, K 

[0 12 6] [^10] :^l<0«at^a-^?tCfeV% 
T, SaH§(!(cStCa-CoZrNb/NiFe/Al2 O3 

[0 12 7] C^ii] :02 8{C^Ly^a-^7^ 
R'^^vKCO^^-^^CfcV^T, SEf^^^c® 2 4 tCN i F 

imS3\ZAl2 O3 , ^NaH4ikM^5 4tCAu. A 
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Jl®5 4Cm-S^#^(i, 02 9tC^Uy^^tCj: 

[0 128] C^12] l<mMB~^\Z^ 
V^r, ^«$«c®2 4tCa-CoZrNbfiaffi^i:NiFe 

[0129] [^13] :03OtC^Lfe3-^^ 
R^y KcOS^H-i^tC^VxT, 2 4 {Za-Co 

ZrNbffi^i:NiFe-^^i:<C^m. 
^y>^2 5CAl2 O3 , Jj^fe^^M 5 3 tC A 1 2 O3 , #^ 
®^S^^54tCAu, Al, Cu, Ag^Rmim 
$:Mv^fe« 33;^ ffi^a-^? 2 3 (C^5>@SS#^*&t^ 
03 2tC^bA-^C<fc»J^Lfco 

[0 13 0] 

[^1] 



27 



(15) 



0-1 4 3 8 2 1 

28 



mi 



"EESW 



(8) ^g«Wq-aDe.T-&kOar5»' 



g) <ita»+nca*i(T-ttoy 



(3) ^Saiia*lkOo.T-lkOB) a>J» 



100 



(8) a«aji+^gai>(T-ifcQ»j 



UK 



<aEafli+^gatt(r'atoa) 



(a> ^ttaiatt-stae.r»aoo)'o» 



(2) atta^+ngaaa-aoSr 



100 



ai 



40 



n 



4r 



d2 



2T 



81 



18 



100 



41 a6) 

5S C21) 



KW5 



TOW 



ca) 



)3 



K»6 



■EST 



+Hfe«ii(T-ltO.) 

< » a in- Mmm or^atoc) 



*mm I (i> Maft-t-ngawCT-iMe) 



MM 1 CI) a«a» 



I-2tO«. T«2tO>) g>» 

+nga«(r-ig5r " 

+»|.ga«a'lkOe> 



g) n«mn .... 



ci) attaj^+»^ga»CT^u^te^ 
(t) a«Bin-»vga«a-tto») 



ICQ 



4B 



51 



44 



loa 



24 



ar 



100 




100 



44 



46 



100 



36 U4) 
44 Qg) 



US 



(li ^gB^4(l-U0e.Y-lk0e>'"o» 



CI) aaain-^gaaor-itflor 
^2^ attat>^^jngatacr-tMer 




88 
21 C 8) 



46 Q8) 



TOW 



gaiaa-ifcoe) 



_ i>gai»Cf'lkOe) 



48 



35 



:^«?)feo 
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AI5 S iio$:^4a-e^tl^V\fc„ ^?»fMCDJ?$l«^X 
W 500nm(^)«raT'^fc$-&feo #^®^tCttC u 
$:^Vx^o 0.5- 100nin(Z)«g®T'^ft 

Sii::^, .K^^SHMlCtiN i O, I r -Mn. N i -M 
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^K±tC, ®1 5tC^LfeU>^^<0®^3-^S:?^fi& 
^3-^c;D^f*:65?5;^ti, 02 4;c^t;tS 

^ilby^c^ ^fia^tCtj:Ni80Fe20. FessAls 
Si 10, j3<fct/Co-Fe-N i (T^i:bTr^;U 
7y>^Co-2 r-Nb, N i - F e Sr^fTS) fe^^l 
-ftl^V^^fc:. ^^^(^iP^ti^tl^n 1- 500iima)«g 

fco #^^^(^i^$li-en-?^n0.5- 100im(D«gfflT'^ 
^fc$1±feo j^®£f£^tcm r-Mn, Ni-Mn. P 



29 

[01343 ^S60g4 
[0 13 5] ^#95 
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[0 14 0] 03 6^3^:1503 7 Ji. Z.<D^^miZ^ 

Ufe#I^S^]?li:f^^tc, $S^T^2 2$:;fr5Al 
2 O3 • T i C^2 1 CO±lC, ®^3-i5^ 2 3 

[0 14 1] :L<mm.B-i^2 3tfj:^-Moym^m 

v^S, ®l^a-^^ 2 3 i:?5:S-?t(Z>«H^®2 4 
^^^v:/2 5i:ti. ^®®^c^LTWT^cl^estlTv^ 

^3-i^2 3^SaE^^^^>:/2 5^tO^ 
[0 14 2] ®^H-^^ 2 3 i:;&;S-^C^>«^^2 4 

[0 14 3] ^B-^2 3<m^tnm^^Jim±\Z 

MRm2 7impm\msi}^^m^mm5^i^rc,i<L 

r(m<r>mmm\z^\f^x^. tm^wsE^m2 4.tiM 
Rm2 7 t<DmtJimM^ex'm^^tix^^^. uRm 



27\t. Sa^:^-v^>:/2 5S:*fev^T^ -Moym^M 

20 2 4 (D^-^ t^smm\c^-t^ j: e> ciBgs V 

MR]K2 7a>^;^rSltt, S^3-^^2 3 0«E^{Ci: 

[0 14 4] MR^2 7oy^':^m. 'r^jtt:>^m^\m 

(^^UTX) $:TOirr'5^SBm®5 7;i)^$nT 
V^-So XCD^ESa^S 7i:bTli. ±3^L7^^3-^^ 

2 3\cm^ury^^mrt^mmMsbtmmftz. 

*jmn$tl^®£^'«-frx{C<i:oT, MR1^2 7(7)^g 
30 ^if!M$^^TV^S. 

[0 1 4 5] MRm2 7 JitCti, ^OM^cm^tCgg 

V^5>o rC5-?fct(0V-K2 8li, fiat^3-^2 3(7)mtC 

^i:i^WT>5^RIK2 7o^:&rsitc, -fev^^^SrSK 
-t^fc^jJCKS^tiTV^^*, MRm2 7li$SifeM$::^br 

[0 14 6] ±fB«|gtoa-^^^R^^v K^CfeV^T 

li. ^3-^'2 3fii:DfMR]i[2 7tC??SSH4^5 5, 
40 5 7tCj:y>'WrX®i^ (:®^1-fT:^) ^mHi^X^^ 
Sfefi?), ffi^a-i5^2 3^MRm2 7C^tt5>«tEC^ 

[0 14 7] $e>tC. MRm2 7$:S{gP^<zM^fRr®S 

MR^2 7\,mim\^s\zm^vr=:^miz 
nm^<ms:^n^. z^otc^. #<<7>fi-tm$:MR 
m2 7\zM<z.tt!^x^^. tA^oT, t^ejj^a-^^ 

50 R'N^y KO^#.c^) loT'feo^-ffi:tf{£T^lHfi^1-'6z:i: 
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[0 14 8] -r^fc^D^, ^^^^y:/2 5 (ipi:g) 

A,x*Mm'^-Ma>mmm2 4 (@$:ti ,t2 . jgesi 

[0 14 9] 

l/X- (1/g Ml ti +l/g M2 t2 ) 0-5 

mti, fa^Sbbncb/inchz 03 6tc^-ra 

— i^^MR'V'y K'Clig=0.25M[n . ti =t2 =2/tin * /* 
1 = M2 =1000 SST'feS- ^m:^Utl6fimmttfi^ 
So J:oT, JtfB^^MR/\^y KtCfcV\T. MR112 

i^mmimst^^ i.Ofimmm^^-^r^. 20 

0.5 AD SS^^L/feilUTt*. K{CS^1"-6®E^ 

S-^CDS^M2 4 i:MRm2 7 

MRm2 70^)^|^^:^rBMSA^e)(^)^Cg^ 

[0 1 5 0] S!HBa^5 7(Cft;lT, MR]^2 7 0^ 30 
>rT7.®$:iet®-r-6ri:tC<J:or, MRM2 7$:^IE 

tf-6i:, MRm2 7izmi(o^m^ur:^m d r 

Mn, NiMn^) /®tfbe>® (CoFe. Co, N 
i FeCo, Ni Fe^) /mmM (Cu^) 

(CoFe. Co, Ni FeCo. Ni Fe 40 

ity')-mK.w^\^x'mzojurxm^^^^. r 
cDii2<©A-rr^roc<fcoT, ®^fctr>stc^u;^cm 

^7;S)^e)(^-^?Kmst:^[Ri (03 7oz:&f«i) ) c 

fe-6V^tiN i F e N b ^f<Z>^0^bO/h$ V \®^) S: 50 
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[0 15 1] S^C m^mm^ 7Cf^TMR]^2 
7C0'fe>^mgStCJ:5»^S:^MUr^<f:V\ MR^2 

t.. wcv^)~m\z^M!mm^it\.xm^m^mm 
\\ mc.y')-mmmm}i\tw^t^mmmzim: 

$n5, 3<0,^:e^^&^$:ffiV^^>^l, S3 7(Dx:^f£atC 

<£KtiE3 7a)z:&r^itcs»fb$ns, ^Oi^ 

iit^ 180' M^5»;^fpi (jmm^!mitiS^^^yszi5\^ 
T'fetl^^v^:^xz;^r&I) icia^D^J, z:;^rRitc^b:7tj 
-SA^^iE^b^tiT, ?v\^^j\y-\iyj>(X^'i^^'t 

T, ±T 2o<Z>®Kb7 U -Ji S:-en^nv-r z :^rnj 
t^^::^z;^ffiIfC«^b-r5»o ::c0i:e>35:^cj:5^i:, 
lo<D^b:7U-«$:mSE5ffit#T'^E^bf-5<fc>; 

[0 15 2] ±3Z&Lfellfi©^SI03-i5^^R^'y KtC 

^si^Tii, mz^<am^'^Rm2 7\z^'t^rc. 
tb. MRm2 7(rt±m^i3^/bi^im^x*myr^-^m^ 

ti^$>^. ^tl^c<^:US^5^^b;^^^'t<^cfi^trrs^:v^of- 

03 8tC^-tJ;eitC, MR^2 7<^EfJiWia$:±^tCM 
ffl^-^, MR^2 7i:^H-i^2 3i:<Df^$:j£:<-t 

So 

[0 15 3] 03 9(C5^-r<fce)lC, MRm27(Dm&^ 

mttj:^m'(D-'MommM2 4^(DmR^a:i<W!^ 

i:e)Jfe=^<3Da-i^^R^^y RCfeVNTli, MRM2 
70D^&:^^<-rsz:i:A^T$S« $e>tc, i^^Y^y 
>^ (miiO.05- 0.2MID ) $:j|^L^T\ -^O^ 
^^®2 4fgc^^$:0.5~ I.Omid 1^)L%<^^Z. 

T'^, $e)tCl*^^<7)J:vMVIR'^*y F*^I^T$So 

[0 15 4] ±m^tcm^mt. ^3-^^23^^: 

tJCMR^2 7tC®ffi^5 5, 5 7tCj:*j7Ur;^fiSI^ 

SrTOirrs^sgr'^s, $e)K:, i&32&ufc^i(Diy©^^ 
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5 7 s:iee-r^o sat^n-i^ 2 a ii^s^s-^cD^s^® 

2 4±Cli, AI2 O3 ^A^^?&:«>^ia^5 8$::n^b 

[0 15 5] m^2A±<Dmm^9i^mmt^z. 

ry^^mst^o -If. MRM2 7tcii^eSSHtM5 7tc 

[0 15 6] jfc^ ±MLr^^^rmmmx'\t. uRm^ 

[0 15 7] 

uRm<Dmt>pmjj<Dm:tmn^o $e>tc, ®^3- 

[0®cOfet#>5:Si^] 

[01] :^^(Dmi<Dm-^mHR^y \^o-mm 

[02] aitca^f \^ay^d^^m 

[03] 2(Cf§^(^mi<©3-i7^R/\^V K<7>fa<^|| 
[04] 2fi:^^COl^20Da-i^^R^^V KOHICO 

[05] 04 Km-TB-'^mAR^y FtCfet-tS^ 

3 - ^ fci«)<^)0T*^ 

[06] 04fC^'r3-^^^R'v^v KC^^^S:^ 

^s;4m0T'^So 

[07] 04tC^i-a-'5^^R'\^V RCj3t:f-5^ 
3 - ^ O^M$:^t-E9T®0T'fe^o 

[08] 04tC3^1-3-^^^R/\^y KtCfet-tS^ 
3- -J^ (DffiCO^^S:^-tl&M0T'feS, 

[09] 04{C^-r3-'i7^R^*V KOfi&O^f^M 
$:^-tm0T'fe5»o 

[01 0] 06tC:^-r3-i^^R'\^y FCO^^^^II^ 
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[01 1] 04K:^-rH-5'^R^*V Ka)$^tCte 

co^^^-r§^(m0T'^e, 
[01 2] :^^<mii3^xfm2<r>B-^mAR^ 

[013] ^^(mi^^x:^m2<DB~^mHR^ 
V \:^mm\.rcm>mmm(JMmM.^m't^^m^X' 

[014] 01 ZK.^-tB.-i^mAR^v \^0y^3^^ 
10 5:^fm0T'feSo 

[01 5] 3^^C[)^3(D3-^^R^^y Kc^— II 

[01 6] 01 5tCf^i-®£^3-^<7OT^$:^1-0 

[01 7] 01 5tC^1-^a-^©fl&a^f^$:^ 

[018] 01 5Cat-r^3-^$:^-rs«s^ 

®<Z^S^$:ftt-^f©0TfeSo 

[01 9] 01 5\zm^m^H-^\zmm^tmsi 

■So 

[02 0] 01 5C^f^3-^^{c^JS^i:l^ 
[02 1] 02OtC^-t^3-^5^CDg3f^$:^ffT 

[02 2] 01 ^^zm-rm^B-^K^^mmti^m 

30 [02 3] 01 ^izm-tm(.B-'!7{z^mimt^ 
»f®0r*S5»o 

[024] 023 ic^^®^3 - ^ ms^m ^^-tm 
®0"efe5>o 
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